Control and prevention of methicillin-resistant staphylococcus aureus (MRSA) infections should include early identification of patients at higher risk of MRSA acquisition and analysis of isolates by discriminatory bacterial DNA typing methods. One hundred and three MRSA isolates cultured between Sept. 1994 and Sept. 1995 from 62 patients in two teaching hospitals (hospital 1, in Rio de Janeiro; hospital 2, in Minas Gerais) were tested for antimicrobial resistance and genomic DNA was analysed by pulsed-field gel electrophoresis (PFGE). Ten profiles were identified: A, B, C, I and J in hospital 1 and A, B, D, E, F, G and H in hospital 2. PFGE patterns A and B were isolated at both hospitals. The majority (80%) of isolates had similar PFGE patterns (type A). Subtype A1 was isolated at both hospitals, but was more frequent in hospital 2 (54%), while subtype A2 predominated in hospital 1 (63%). MRSA isolates were resistant to the majority of antimicrobial agents tested. However, susceptibility to vancomycin alone was found in 32% of the isolates at hospital 1, whereas 48% of isolates from hospital 2 were susceptible to both vancomycin and mupirocin, and 34% demonstrated susceptibility to vancomycin, mupirocin and chloramphenicol. Thirty-nine percent of all isolates were mupirocin-resistant, with 90% of these belonging to PFGE pattern A. Four main risk factors were associated with MRSA infection or colonisation which may be useful in the early identification of patients at risk: >7 days hospitalisation (%YO), very dependent patients (84%), invasive procedures (79%) and recent antimicrobial therapy (79%). The data demonstrate that PFGE pattern A is disseminated in both hospitals. However, at both hospitals subtypes of pattern A and the other PFGE types were associated with different antibiotic resistance patterns.
Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) has been detected in the majority of tertiary hospitals and is responsible for an increasing number of nosocomial infections [ 11. In institutions where MRSA is highly endemic, c. 1% of patients become colonised, and of these, 30-60% become infected with MRSA [2] . The percentage of MRSA in US hospitals ranged from 15% to 45% in 1991, as reported to the "IS System [3] . By 1990, MRSA strains represented 38-78% of all S. aureus strains isolated in tertiary hospitals in Brazil [4] .
Effective control measures for reducing the hospital reservoir of MRSA depend initially on knowing the risk factors of the exposed population for MRSA acquisition [5] . Risk factors associated with nosocomial acquisition of MRSA include prolonged hospitalisation, preceding antimicrobial therapy, use of invasive procedures, treatment in an intensive care unit or a burns unit, surgical procedures and close proximity to a patient colonised or infected with MRSA [6] . Furthermore, Issa et al. [7] reported that heavy dependency, i.e., patients requiring considerable nursing and other support is another risk factor that should be considered.
Control and prevention of MRSA infection or colonisation may include analysis of isolates by discriminatory bacterial DNA typing. Typing can be used to confirm or refute the relatedness of isolates and to plan MRSA control programmes [ 81. Several investigators have demonstrated the superiority of macrorestriction analysis by pulsed-field gel electrophoresis (PFGE) for strain characterisation, when compared with other techniques [9, 101. This method provides highly reproducible restriction profiles that typically show distinct, well-resolved fragments representing the entire bacterial chromosome.
The aims of the present study were (1) to identify and compare the risk factors associated with nosocomial acquisition of MRSA colonisation or infection at two Brazilian university hospitals, and (2) to type MRSA isolates from patients by PFGE to identify clonal profiles associated with each hospital.
Patients and methods

Setting
The Rio de Janeiro Federal University Hospital (hospital 1) and the Uberlhdia Federal University Hospital, Minas Gerais (hospital 2) are 350-bed, teaching hospitals providing tertiary care. The hospitals are located at 1000 km distance from each other and therefore physicians and other health not work in both hospitals.
Laboratory methods
Strains. All MRSA isolates from hospitals between Sept. 1994 and included in the study. One hundred care providers do patients in both Sept. 1995 were and three MRSA isolates from 62 patients were available for testing. Fifty-nine were isolated from hospital 1 and 44 from hospital 2. MRSA was isolated from surgical site infections (1 3%), bloodstream infections (1 1 %), respiratory tract infections (1 O%), abdominal cavity infections (4%), urinary tract infections (3%) and from colonised patients: anterior nares 37%, rectal and perineal sites 13%, skin lesions 9% and from tracheostomy sites 2%.
Isolation and identification. Specimens collected from infected patients were processed by conventional methods appropriate to the site of infection. Specimens collected with swabs from colonised patients were inoculated on sheep blood 5% agar and mannitol salt agar plates. Isolates were identified as S. aureus on the basis of colonial morphology, Gram's staining and the results of catalase and coagulase tests [ 111.
Oxacillin agar screening method. All isolates were plated on Mueller-Hinton agar with NaCl 4% and oxacillin 6 mg/L. The inoculum size was adjusted to deliver a final inoculum of c. lo5 cfu/ml. Oxacillin resistance was confirmed by surface growth after incubation for 24 h at 30°-35"C [12] . Susceptibility testing. Susceptibility to antimicrobial agents was determined by the agar disk diffusion and agar dilution methods, by the procedures outlined in the Guidelines of the National Committee for Clinical Laboratory Standards (NCCLS) M2-A5 [ 131 and NCCLS M7-A3 [ 121, respectively, except for mupirocin [ 141. The following antibiotics were used for the agar disk difision tests: oxacillin and other p-lactams, erythromycin, tetracycline, chloramphenicol, clindamycin, ciprofloxacin, trimethoprim-sulphamethoxazole, gentamicin, amikacin, kanamycin, rifampicin, vancomycin and mupirocin. The MIC was determined for three antimicrobial agents: oxacillin, mupirocin and rifampicin. Rifampicin MICs were determined because this antibiotic may be used as an alternative to mupirocin treatment for patients from whom mupirocin-resistant strains are isolated. Isolates with an MIC of 2 4 mg/L in 2% NaCl-supplemented Mueller-Hinton agar were defined as oxacillin-resistant (MRSA) strains [ 121. High-level mupirocin resistance was defined as an MIC of 2 512 mg/L, and low-level resistance as an MIC of 4-256 mg/L [ 151. Rifampicin resistance was defined as an MIC of 2 4 mg/L. Detection of the mecA gene. DNA of MRSA isolates was extracted as described previously [ 161. The DNA concentration was determined by spectrophotometry at 260 nm and adjusted to 200 ng/pl in sterile water. The mecA gene fragment was amplified by the polymerase chain reaction (PCR) with the synthetic oligonucleotide primers MRS 1 (5 '-TAGAAATGACTG ACGTCCG-3 ') and MRS2 (5'-TTGCGATCAATGTTACCGTAG-3'), complementary to nucleotides 179-198 and 3 12-332, respectively. The amplification reaction and electrophoresis of the amplified DNA were performed as described previously [ 1 71.
PFGE. Cells were treated as described previously [ 181 with the following modifications. Cells were resuspended in 1 M NaCl, 10 mM Tris-HC1, pH 7.6, and mixed with an equal volume of low melting point agarose 2%; lysostaphin (50 pg/ml) was added with lysozyme (500 pglml) and proteinase K (0.1 mg/ml). The DNA was digested with SmaI (Boehringer Mannheim Corporation, Indianapolis, IN, USA) according to the manufacturer's instructions. The digested agarose plugs were transferred into a 20-well agarose 1% gel (Sigma) and electrophoresis was performed with the CHEF-DRII System (BioRad Laboratories, Richmond, CA, USA) at 13°C for 21 h in 0.5 X TBE buffer (40 mMTris, 1.2 mM boric acid, 40 mM EDTA, pH 8.0) at 6 V/cm. The pulse times were 2 s (initial) and 35 s (final). Differences between isolates were determined by visual comparison of the bands and isolates were considered to be related if they differed by no more than three bands [ 191.
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Epidemiological methods
The medical records of patients identified by laboratory surveillance were reviewed for demographic and risk factor data, including age, gender, medical service, clinical diagnosis and underlying illnesses. Risk factor data including preceding antimicrobial therapy, prior hospitalisation, invasive procedures, prior surgery and patient dependency were also recorded. The data were analysed by the Epi Info programme version 5 and differences were analysed statistically by Yates' x2 tests.
Results
Epidemiological data
In the present study, MRSA isolates were obtained from 62 patients, aged 1-81 yearshospital 1 (43 patients) and hospital 2 (19 patients) ( Table 1) . Patients at high risk of acquiring MRSA in both hospitals, whether colonised or infected, were adults rather than The recent administration of p-lactam antibiotics was common (48%), and cancer (14%) and diabetes mellitus (1 3%) were the most frequent underlying illnesses associated with MRSA infections. Respiratory tract infection was the most frequently diagnosed infection (16 cases, 26%), followed by surgical site infections (1 5 cases, 24%) and bloodstream infections (10 cases, 16%) .
The majority of the MRSA infections were isolated from medical units (48%) in both hospitals, but the data analysed by the Epi Info programme demonstrated no significant statistical differences (p > 0.05)
for clinical or epidemiological characteristics.
Susceptibility to antimicrobial agents
One hundred and three MRSA isolates were analysed, 59 strains from hospital 1 and 44 strains from hospital 2 ( Table 2) . All MRSA isolates were also resistant to gentamicin and kanamycin. The majority were also resistant to erythromycin (99%), tetracycline (99%), sulphamethoxazole-trimethoprim (98%), clindamycin (96%), ciprofloxacin (96%), amikacin (95%), chloramphenicol (85%) and rifampicin (73%), rendering these antibiotics ineffective as therapy against MRSA. Resistance to vancomycin was not observed. However, some variability in resistance patterns according to the origin of the strain was noted: 32% of isolates in hospital 1 were susceptible only to vancomycin; in hospital 2, 48% of strains were vancomycin-and mupirocin-susceptible, and 34% were susceptible to vancomycin, mupirocin and chloramphenicol.
MIC results revealed that all MRSA strains were resistant to high concentrations of oxacillin (MIC 3 5 12 mg/L). Rifampicin resistance (MIC 3 4 mg/L) was observed in 54% of the strains isolated in Rio de Janeiro (hospital l), and in 98% of the Uberlindia strains (hospital 2). Forty (39%) of all MRSA isolates were mupirocin-resistant and the proportion in hospital 1 was significantly higher than in hospital 2 (p< 0.001) ( Table 3) . High-level mupirocin resistance (MIC 3 512 mg/L) was seen in 27 isolates and 13 isolates showed low-level resistance (MIC 4-256 mg/L).
Genotypic characterisation
Analysis of mec A gene. All MRSA isolates carried mecA in their genome resulting in a 154-bp fiagment, after PCR amplification (Fig. 1) ; this pattern is typical of all MRSA isolates.
PFGE.
Among the 103 isolates, 10 PFGE patterns were observed. A predominant pattern (type A) was found among strains isolated in both hospitals (Table 2 and Fig. 2) . Five PFGE types were identified among the isolates from hospital 1 (A, B, C, I and J types), and seven PFGE types were found among isolates in hospital 2 (A, B, D, E, F, G and H types) . PFGE type A appeared to be widespread in both hospitals (80% of all isolates: 88% in hospital 1 and 68% in hospital 2) and five distinct subtypes were detected. Four of these patterns were identified in hospital 1 (A], A2, A3 and & subtypes) and two subtypes were seen in hospital 2 (A1 and AS). The subtype A2 was identified in 63% of the isolates from hospital 1; subtype A1 was more frequent in hospital 2 (54%). Subtypes A1 was isolated at both hospitals. Ninety percent of the mupirocinresistant isolates belonged to PFGE pattern A.
The majority of nosocomial cases at both hospitals were epidemiologically related, according to the time of occurrence, medical service and PFGE type and subtypes. PFGE type A was isolated from all medical services in both hospitals and was more common than in other units, i.e., 41% of isolates from hospital 1 and 32% of isolates from hospital 2. Strains belonging to other PFGE patterns were isolated from six patients in hospital 1 (B, C, I and J clonal types) and were not epidemiologically related. In hospital 2, 14 isolates of other types (B, D, E, F, G and H types) were obtained from eight patients, 6 of which were simultaneously infected or colonised with distinct PFGE types at different body sites. For example, PFGE type G strain was simultaneously isolated from the bloodstream and nares of one patient, while a PFGE type B strain was isolated from the rectum of this patient. In another patient PFGE type H was
The clinical features of the patients reported here isolated from the rectum and PFGE type B from a resemble those described in previous reports [6,20]. In surgical site.
the present study, patients colonised and infected with
Discussion
MRSA were seriously ill, required prolonged hospitalisation (with a mean duration of 36 days) and had received previous antimicrobial chemotherapy with Blactams and aminoglycosides. Previous hospitalisation is usually associated with diseases that have a chronic course or with previous underlying diseases and this was the most frequent risk factor associated with MRSA infection in the present study, as has seen reported by others [2, 5, 6, 20] . Antimicrobial chemotherapy with p-lactams and aminoglycosides is associated with an increased risk of acquiring MRSA in hospitals [20] . Invasive procedures represent 'entrance gates' for micro-organisms, that contaminate the hands of health care personnel who perform procedures and, therefore, increase the risk of MRSA transmission; this risk factor was observed in 79% of the patients in a previous study [6] . Issa et al. [7] observed that patients restricted to bed might be at high risk for acquiring MRSA infection or colonisation because these patients are more likely to be in frequent contact with health care personnel, as these patients are more dependent. In the present study, this risk factor for MRSA infection or colonisation was observed in 84% of cases. These results show that documenting risk factors may help in the identification of patients at higher risk for MRSA infection or colonisation.
Antimicrobial susceptibility testing is routinely performed by clinical microbiology laboratories on most bacterial isolates. The identification of new or unusual patterns of antibiotic resistance among bacteria isolated from various patients may raise the suspicion of an outbreak or the presence of a new strain [21] . However, antibiotic susceptibility testing has relatively limited use in epidemiological studies because of phenotypic variation, and because antibiotic resistance is affected by selective pressure in hospitals [22] . In this report, strains with different PFGE patterns had similar antibiotic susceptibility patterns, and clinical isolates of the same PFGE pattern were found to exhibit different antibiotic susceptibility patterns (Table 2) . Thus, the relationship between antibiotic susceptibility and PFGE patterns was not close. The results revealed considerable variability of antibiotic resistance to chloramphenicol and mupirocin.
Mupirocin has become the topical agent of choice for the elimination of MRSA carriage. However, numerous studies have shown that the widespread use of mupirocin is associated with increasing resistance [23, 24] . With the continuing emergence of both highand low-level mupirocin resistance, accurate strain classification is important for hospital epidemiology.
The data from the present study show that 39% (40 of 103) of the MRSA isolates were mupirocin-resistant and 90% of them belonged to epidemic PFGE type A. Furthermore, 93% of strains showing high-level mupirocin resistance belonged to three distinct subtypes of PFGE type A (Table 3 ). This is of special concern, as the nosocomial spread of a single strain with high-level mupirocin resistance reduces the usefulness of topical intranasal mupirocin as a control measure in hospitals [25] .
A further problem in control and prevention is that certain body sites colonised by MRSA, such as wounds, secretions from tracheostomies and the oropharynx, are particularly resistant to efforts at eradication [26] , which increases the risk of spread.
Patients with persistent nasal carriage may be colonised on their hands or other body sites and disperse the organism into the surrounding environment [25] . In the present study 61% of strains were isolated from colonisation sites -37% from the anterior nares and 24% from other sites, including skin lesions, tracheostomy, sputum, rectum and perineum. Patients colonised for prolonged periods may act as a source of spread to other patients by direct contact. An additional point is that many patients are colonised at multiple sites and so carriage will be missed if only one site is sampled [26] . Furthermore, MRSA may persist in the environment and become an endemic source of infection in the institution.
The molecular characterisation of all MRSA isolates collected between Sept. 1994 and Sept. 1995 showed a predominance of a single PFGE pattern (type A) in both hospitals. The occurrence of this epidemic type among Brazilian MRSA strains was described previously by Sader et al. [27] in hospitals in Silo Paulo, Brazil. Strains with PFGE patterns similar to chromosomal DNA pattern A were also shown to be the most frequent among MRSA isolates from 16 hospitals in six cities located in the north and south of Brazil [28] . However, strains from the city of Uberlindia have not been characterised in previous studies. It is not clear which feature of this particular clone of MRSA leads to its predominance and continued prevalence in the hospital environment. A virulence-related property may exist in this clone, increasing adherences resulting in colonisation and infection, as has been reported for other epidemic clones [29] .
A comparison of the PFGE patterns of the isolates (Fig. 2) allowed the identification of genetic similarities, except for H, I and J types. The PFGE types B-G showed differences of four to six bands when compared with PFGE type A. These differences can be explained by simple insertions or deletions of DNA or the gain or loss of restriction sites [19] . These strains were considered to be possibly related to the epidemic clone type A, suggesting that the isolates may be derived from a common source. On the other hand, isolates belonging to identical types were obtained from epidemiologically unrelated patients at both hospitals. Although PFGE has a very high discriminatory power and even distinguishes subclones, it does not discriminate epidemiologically unrelated MRSA strains. Maslow et al. [22] reported that for pathogens, such as MRSA, representing genetically restricted subsets of strains within a species, less variation is detected among unrelated isolates, as many isolates are derived from a limited number of genomically distinct clones. Sader et al. [27] suggested digestion with a second enzyme or the use of PFGE with another molecular typing method to detect differences among nosocomial isolates of the same predominant type from patients who are not epidemiologically related.
PFGE typing and other typing methods are crucial in confirming the efficacy of MRSA control in hospitals. Single-bed or cohort nursing together with regular educational programmes to motivate handwashing by health care workers have been found to be effective in controlling nosocomial MRSA infection [5, 81. Specific control measures should be directed aggressively to identify patients at higher risk or to reduce antimicrobial pressure within institutions. The recent emergence of MRSA clinical strains with reduced vancomycin susceptibility [30] reinforces the importance of these control measures within institutions.
